The root environment of container-grown plants varies greatly from that of plants grown in the ground. Root-zone temperatures of container-grown plants can exceed 49C (Fretz, 1971) and remain above 40C for 2 to 5 h daily (Ingram, 1981) . Martin (1990) evaluated root and shoot growth responses to supraoptimal root-zone temperatures for several tree species and concluded that root zones should be maintained below 40C. Supraoptimal root zone temperatures result in reduced growth and thus are a limiting factor in container production.
An adequate supply of nutrients and favorable environmental factors are necessary for plant growth (Danielson, 1972) ; however, adjustments in the amount of water and nutrients supplied can partially ameliorate the effects of unfavorable root-zone temperature (Nielsen, 1974) . Nitrogen absorbed is a function of growth (Clarkson and Warner, 1979; Turner and LaHav, 1985) , and the rate of absorption is determined by growth rate (Clarkson and Warner, 1979) . Maximum growth of Ilex crenata 'Rotundifolia' (Gilliam and Wright, 1977) and I. crenata 'Helleri' (Wright and Niemiera, 1985) were obtained at rates of 500 mg N/liter applied weekly and 75 mg N/liter applied daily, when ambient day/night cycles were 28/21C and 26/21C, respectively. Turner and LaHav (1985) reported that for banana (Musa sp. 'Williams'), the ratio of nutrient accumulation rate to relative growth rate increased for most essential nutrients when the day/night cycle was 37/30C compared with 17/10C.
The following research was conducted to determine the influence of potentially supraoptimal root-zone temperatures and applied N rate on growth and N accumulation of 'Rotundifolia' holly.
Response to media temperature (Expt. 1). Multiple branched rooted cuttings of 'Rotundifolia' holly were potted into 1200-ml clear plastic bags (80 × 240 mm), each containing ≈570 g of a 2 pine bark : 1 Canadian peat : 1 sand (by volume) medium amended with 4.2 kg dolomitic limestone/m 3 . Plastic bags with plants were placed in root-heating tubes that were maintained at 28, 34, or 40C for 6 h daily during the middle of the light period, at ambient temperatures at other times. The electronically controlled root heating system described by Ingram et al. (1990) operated with a precision of ±0.9C. Plants in root-heating tubes were placed in an environmentally controlled growth room in a completely randomized design with 10 replicate plants per temperature treatment. Photosynthetic photon flux density (1100 µmol·m -2 ·s -1 ) was supplied for 11 h daily by metal halide lights (1000 W/bulb). The dark period was interrupted in the middle for 3 h with incandescent light (100 µmol·m -2 ·s -1 ). The ambient air was at 26C during the light period and at 21C during the dark period. Relative humidity was maintained at 45%/65%, day/night, respectively. Each plant daily received 500 ml of a fertilizer solution that contained (mg·liter -1 ) 75N-10P-25K, with micronutrients supplied according to Hoagland and Amon (1950) . The N, P, and K carriers were NH 4 N0 3 , KH 2 PO 4 , and K 2 SO 4 . Fertilizer solution pH was adjusted to 5.5 with NaOH, and every 2 weeks 80 ml deionized water (pH 5.5) was poured on the growth medium surface of each tube and leachates were collected (Yeager et al., 1983) . Leachate NO 3 --N and NH 4 + -N were determined according to procedures of the Univ. of Florida Extension Soil Testing Laboratory (Hanlon et al., 1990) .
Six weeks after experiment initiation, plants were removed from root-heating tubes and the growth medium was removed from roots. Roots were dipped in deionized water to remove fine particles. Stems were severed above the uppermost roots and root and shoot dry weights determined. Root and shoot tissue was ground by a Cyclone Mill (UDY Corp., Fort Collins, Colo.) and N determined by Grace/Sierra Laboratory, Fogelsville, Pa. Nitrogen percentages were multiplied by root and shoot dry weights to determine N content of roots and shoots. Root and shoot total N content was divided by respective dry weight to determine milligrams N per gram of root and shoot dry weight. Average initial milligrams N per gram dry weight was initially determined for roots (1.3 g) and shoots (1.4 g) of 10 plants and subtracted from final values to determine N accumulation.
Response to medium temperature and N concentration Expt. 2). Single-stem, rooted Table 1 . Root and shoot N accumulated by 'Rotundifolia' holly grown for 6 weeks in a 2 pine bark : 1 Canadian peat : 1 sand (by volume) medium at three root-zone temperatures for 6 h daily (Expt. 1). Table 2 . Root and shoot dry weight of 'Rotundifolia' holly grown for 6 weeks in a quartz sand medium at three root-zone temperatures for 6 h daily and fertilized twice daily with 500 ml of a solution that contained either 75, 150, or 225 mg N/liter (Expt. 2). Table 3 . Nitrogen accumulated by 'Rotundifolia' holly grown for 6 weeks in a quartz sand medium of ammonium and nitrate ions by Italian and at three root-zone temperatures for 6 h daily and fertilized twice daily with 500 ml of a solution that Perennial ryegrass (Lolium multiflorum and Lolcontained either 75, 150, or cuttings of 'Rotundifolia' holly were potted into 1200-ml clear plastic bags of washed quartz sand and placed under the environmental conditions used in Expt. 1. Plants were fertilized twice daily, once at the start of the light period and once at the end of the temperature treatment, with 500 ml of a fertilizer solution containing either 75, 150, or 225 mg N/liter from NH 4 NO 3 . The solution (pH 5.5) also contained 15, 75, 45, and 20 mg P, K, Ca, and Mg/liter, respectively. Elemental carriers were KH 2 PO 4 , K 2 SO 4 , CaSO 4 , and MgSO 4 and micronutrients were supplied according to Hoagland and Arnon (1950) . Ten replicate plants per N rate at each of the temperature treatments used in Expt. 1 were arranged in a completely randomized design. 40C (Table 2) . When averaged over rootzone temperatures, root dry weights were unaffected by the N rate (Table 2) . Shoot dry weights increased linearly as the N rate increased from 75 to 225 mg·liter -1 (Table  2) . Gilliam and Wright (1977) reported the greatest growth of 'Rotundifolia' holly at 500 mg N/liter, applied weekly. Yeager and Wright (1981) determined that 'Helleri' holly shoot dry weight increased at N rates of 50 to 300 mg·liter -l applied weekly. The lowest N rate required for maximum growth of 'Helleri' holly was 75 mg·liter -l applied daily (Wright and Niemiera, 1985) when day/night temperature averaged 26/21C, respectively.
Six weeks after experiment initiation, plants were removed from the root-heating tubes and data recorded as in Expt. 1. Initial root and shoot dry weights were 1.0 and 0.87 g, respectively.
Root and shoot dry weights of 'Rotundifolia' holly in Expt. 1. were similar at all root-zone temperatures (ranges 1.9-2.1 g and 5.1-6.3 g, respectively). Root and shoot N accumulation was highest at 28C and decreased linearly with increased root-zone temperature (Table 1) . Decreased N percentages in apple leaves (Gur et al., 1979) have also been reported in response to root zones at 35C compared with 25C. Cooper (1973) noted that, in general, percent mineral content can either decrease with increased root-zone temperature or increase up to an optimal level then decrease. However, responses to supraoptimal root zone temperatures can vary with species (Harrison et al., 1988) . Leachate N (NO 3 --N plus NH 4 + -N) averaged 75, 74, and 74 mg N/liter for the 28, 34, and 40C treatments, respectively, during the experiment.
Root and shoot N accumulation (Expt. 2) depended on root-zone temperature and the N rate (Table 3) . Nitrogen accumulated by roots and shoots increased when the applied N concentration increased from 75 to 225 mg·liter -1 at each root-zone temperature. Root N accumulation decreased with the root zone at 40C compared with 28C for each N concentration applied. A similar response was observed for shoots, except accumulation was similar for all root-zone temperatures for the 150 mg N/liter treatment.
Based on these findings, it appears that with the root zone at 40C, a threshold point was passed that resulted in decreased N accumulation irrespective of N rate. When the medium was maintained at 40C for 6 h daily, increasing N rates from 75 to 150 or 225 mg·liter -1 resulted in increased root and shoot N accumulation; however, root and shoot growth was less with the roots at 40C than at 28 or 34C.
There was no significant interaction between root-zone temperature and N rate for root or shoot dry weight in Expt. 2. When averaged over N rates, root and shoot dry weight was highest at 28C and decreased linearly as root-zone temperature increased to These data indicate that increased N fertilization rates will not alleviate growth reductions of holly caused by high root-zone temperatures. Nursery operators can ameliorate high container temperatures by growing plants with minimal distance between containers so adjacent containers are shaded (Fretz, 1971; Martin, 1990) .
